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Abstract: Data from two random population sur* 
veys are used to assess the relationship between 
parental smoking and the prevalence of asthma in 
children aged 0-17. Data from a* 1977 Midwcsiera'^ 
jwrbanaed county indicate lhat.'if mothers smoked, the 
P^valeiice of parent reported asthma increased from 
per cent to 7.7 per cent testtmated relative risk of 
and the. prevalence of functionally impurii^V 
incrtas^ from l.l'^r cent to 2.2 per ccm 
lirelative risk ^2.0). in a more rural Eastern county in 
^1960. a lower dveraU prevalence of asthma was noie^ 
r« umUar estimated retative risks of asthma 


^1.1) and ftmctioiiany impatriiii asthma (2.4) mm 
found to be associated with maiemai smokmg* Ineon^ 
sistent relationships were found between the estimated 
prevalence of asthma and paternal smoking.>Whea 
enultivariate controls were mtroduced. the relation^^ 
i^htpf between maternal smoking and asthma persist*! 
^od. Estimated attributable risks indicate that tetween’l 
ki per cent and 24 per cent of the asthma reported in' 
Mhese samples can be attributed to maternal smoking.' 
^Implications of these findings for primary care physi* 
cians are discussed. (Am / fubiic health 1982; 
72:574-579.1 


Introduction 

The health hazards of ctgarcne smoking have been well 
documemcd and wtdelv accepted.'^ Recemly attention has 
focused ofi the relationship bet«eefi csposure to cigarette 
smoke and the health of nonsmokers. Several studies *** 
have noted the substamiai efecu of cigarette smoke on 
**indoor pollution.*' Repace and Lowrey. for exam^. con¬ 
clude that ‘^levels of respirabie suspended particulates in 
places ahere tobacco is smoked greatly exceed levels found 
in smoke-free environments, outdoors, and vehicles on busy 
commuter highways."* White and Froeh found that non- 
smokers who were chronically exposed to cigarette smoke in 
the workplace had levels of pulmonary function similar to 
that of tiiht sotokers and lower than nonsmokenma smoke* 
free environment.* Hirayama found a significantly increased 
risk of lung cancer for nonsmoking wives of heavy smok¬ 
ers. *• 

The present study focuses upon parental smoking and 
childhood asthma. Asthma is one of the leading causes of 
chronic illness in children; children with asthma experience 
a characteristic hyperreactivity of the airways to a variety of 
environmenial factors, mcluding imums such as tobacco 
smoke/* Studies have noted relaiion^ipi hetw'een air pollu¬ 
tion and the onset of asthma attacki.” ** but no sifnifkam 
lelaiiofiships b e tw e en parental smoking and the prevalence 
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of asthma have been rtporsed4$evt^jHtttdtes have neud! 
fnl^ni^t^ ^twceii pma^^smoking* and acute respir^l 
|ior>^ainess jn'^tldren.*****!^^ have been fairiy 

{ comtstefit!^ A‘^^gigniheam dose-response relationship Was 
found between parental smoking ind reported bronchitis and 
pneumonia in infants by Karlap and Davies**and Colley, et 
o/.^ One study found a dose-response relationship between 
parental smoking and adenoidectomy and lonsillectomy in 
children.*' and another demonstrated a signiheam relation¬ 
ship lo pulmonary funciioA in children -OXonnell and 
Logan examined ctihical records of asthmatic and non- 
asthmatic children; they found only a small difference in the 
inctdencc of parental smoking, but a majority of the parents 
of their asthmatic children reported that cigarette smoke 
NKBravated ihc asthma, and eiiminaiion of smoking gerterally 
led to improvement.** 

The analyses described below report on the rtsuits of 
two population surveys carried out in 1977 and 1980 in two 
locations across the United States. 


Materials and Methods 

A random household health survey was conduned in 
Genesee County. Michigan in 1977. Information upon 2.072 
diildren (aged Ckl7) and their households was obtained from 
an aduh family member, usually the mother. The response 
rate was gl per cem. The city of Flints Michigan (population 
145.000 in 19771 is an tnduurial city in the southeastern 
region of the sute of Michigan. Flint and the surrounding 
Genesee County (total population 450.0001 art heavily de¬ 
pendent upon automobile-related industries for employment. 

Berkshire County. Massachusetts (population in 1980 of 
144.000) is a relatively rural county which forms the western 
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toiiHiao of iHe Stait of MassachuMrtii. Th< liivesi piiy K 
Pitufield il9E0 popultfiion of 53.000). A randofiily tfisM 
lelcpboiic of fcouseholUs «iib chiMrcn (afed 0-17) 

WM C4Nidiicte4 m 1980. iitifif many idenikal Rurstiom from 
the Ceneitft County survey. The response mie for thti 
survey was 81 per cem; iofonnation upon 804 chiklrefi was 
ovaabNe for anaH-sts. 

The ftimAung habiu of mothefi and fathers in the 
fawveholds were assessed ustnp identical questions in both 
the Mkhipn and Massachusetts surveys: the respondent 
was asked w hether or not each household memhcr smoked 
diareties. and if so. how much. For analysis, mothers and 
fathers were classified as either smokers or mmsmokers. 
The samples were too small to reliably estimate relations 
involvifif dilTerem amounts of smokinf.* 

The presence of asthma among chtldrcn was assessed 
using a 22-iiem chronic condition checklist m the Genesee 
County survey, and a 2Uiiem checklist in the Berkshire 
County survey. In Genesee County, the parents were hand* 
od a card hsiing all of the conditions (Appendix A). The same 
checklist exekpi for the item **bronchius.** w*as read to 
respondents in the Berkshire County survey. The questions 
asking about asthma, hayfever. and an> other kind of allergy 
were exactly the ume as questions asked in earlier surveys 
in Rochester. New York-"^ and in the National Health 
Examination Survey.^ and are very: similar to checklists 
used in the Nktional Health Interview Survey.» 

If the parent (usually the mother) confirmed that the 
child had a certain condition, they were asked. **Does it 
affect higher ability to attend school or do any of the things a 
child his her age usually does?*' **Yes" responses to this 
question were coded as indicating a functionally impairing 
condition. Parents w ere also asked w hether a doctor had 
been seen about this condition. 

A number of suidics have indicated that parent reports 
in general overestimate the prevalence of clinically diag* 
nosed chronic conditions. Others have noted, however, that 
overreponing tends to decline with the reported severity of 
the condition, i.e.. more severe conditions, which have a 
greater impact upon the individual, tend to be more com* 
pletely reported 

For example, a household survey in Alamance County. 
North Carolina resulted in an estimated prevalence of a 
variety of respiratory* conditions in children under age 31 of 
16.3 per cent. In contrast, a clinically validated estimate 
Imoderate and severe cases only) of 2.9 per cem was 
obtained.* Another household survey in Rochester. New 
York (utilieing exactly the same questions as the present 
study I produced a prevalence estimate of 3.2 per cem of 
asthma in children 0-17 years of age. Follow-up interviews 
of children aged ^17 resulted in a validated estimate of .9 
per cem prevalence of asthma.’* These estimates are also 
consistent with validated estimates obtained in a populatiofi 
study on the Isle of Wight in England for 10-12 year olds: a 
prevalence of asthma of 2.3 per cent w*as estimated: when 


*Of the moihen mho smoked. 61 per cent in the Michipn 
umnie unC % ptx cem in ihc Massachusetu Mimple reported 
tmokmg a half to one pack per day. 
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only chronically haruiicapptng asthma wras eonsidertd. this 
estimate was halved.* 

la summary, signiftcam errors in the reporting of child* 
hood asthma have been found in studies utilizing parent 
interviews, ahhough there is evidence that these errors tend 
lo decrease if the Kverity of the conditkm is taken into 
accoum. It is important to note, however, that these eiron 
will not bias relationships estimated between paiemal smok* 
iiig and asthma unless asthma misreporting ti related to 
parental smoking.** Tests for such systematic bias are 
tepofted below. 


Results 

Overall, the estimated prevalence of asthma in these 
samples appears similar to that found in a national sample of 
children in the 196VI965 National Health Examination 
Survey.’’5.3 per cent among children aged ^11. The 
eotresponding estimates in Genesee County (1977) and 
Berkshire County (!980) arc 6.5 per cem and 2.6 per cem 
respectively. The lower estimate for Berkshire County also 
corresponds to relationships reponed from National Health 
Interview Survey data in 1970. which noted a decreased 
prevalence of asthma among children living in rural areas, as 
opposed to urban areas.* 

The estimated prevalence of functionally impairing asth-. 
mi in the present samples (1.5 per cent. .8 per cent) is also 
comparable to the clinically validated prevalence estimates 
noted above: again, a higher prevalence is found in the urban 
sample. 

Validation of these parem rtpons is made possible 
through use of other questioni in the household surveys. In 
the Michigan survey, if a child was noted as having asthma, 
parents were asked if they bad **bcen to a doctor about 
this?" All of (he parents who rtponed a child with asthma 
said they had been to a doctor about the child*! condition, in 
the Massachusetts survey, another question asked for all 
children was the following: "Today or yesterday has (child's 
name) taken or used any medicine, salves, or pills that were 
prescribed by a doctor?" Of the 29 children in this sample 
reponed by parents as asthmatic. Kven were reported to be 
taking asthma medication regutariy: the medication was 
specified in six of these cases, and no children without 
asthma were reponed as receiving asthma medication. Of 
the seven children in the sample identified as having func* 
tionally impairing asthma, four were reponed to be uking 
medication for the condition. The answers to both of these 
survey questions suggest that the parent irports are valid 


**|6 fegiession analysis, it is well knon^ti that nndofii error hi 
the dependent variable will not bias esiimaies of irgreision coeffi- 
cicfits. although the explained variance will decrease.*The analo¬ 
gous corollao for the l^istic refressions used later it derived from 
the well-known fact that oddi ratios that characterue a cross- 
classification are invariant to muliiplicaiion of rows or columns by a 
constant.'* Thus, if both smoking and nonsmoking mothers overre- 
pon asthma b> a propontonaie amounts estimates of odds ratios wit) 
not be affected. 
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and ifain indicate that pirem rvponini likely increases in 
acetiracy as the severity of the et^tiiofi increases. 

In the Cene>ee County. Michigan sample. 4t per cent of 


the children aged (W|7 had mochen. who^smoked 

‘ ^ ^ '"'ainhma^^^ fore*" 





il dienM^s mokini 
Data from the more rural Berkshire County sample 
produced similar esiimaies of relative risk, although the 
siinihcance levels were lower due to the smaller sample 
size. Thiny -seven per cent of the children aged.J^i^in jhis 
sample had a mother w ho smoked . Spie cy I rotcd iwrevidgnM 




iertfro^^per^hftoiaW^oC 




***Ai{ tests of the smoling Msihnu rcUiionship <sjtt be one* 
tailed lesiv: other tests will be two-uikd: It should also be noted 
that the lampk m fact consists of data upon cUrsien of children: 
thus, even thoufh households were selected randomly, tome design 
effect iv introduced imo the umpfe. We estimate from the present 
samples that roh.*' the iniraclass correlaiioii coeflkteni which 
measures this tendency towards hom^eneiiy within cltisiem. is . 14 
for asthma, and .21 for function impatring asthma. The effect of this 
clustcnng is to reduce the precision of the surv’ey estimates For 
csampic, in the Cienesrt Couniy sample a 95 per cent conhdence 
interval around the proponion of children reponed as asthmaiic by 
moiherv that do not smoke can be estimated at 4-^ per tent if the 
effects of clustermg are ignored. If this design effect is taken mio 
account, the 95 per cent confidence interval becomes per 

cent. Others have found that design effects ate less pronounced for 
regression cocfficiemv than for estimates of means atwf proper* 
turns> Regressions were run based upon households which predict* 
ed the propontem of children in a household with asthma, controlhng 
for family size and. other: varubles noted later. These results were 
consistent ,with results presented Uier. and thus indicate no signih* 
cant consequences of this design effect. 


No fiffiiffum differefices m the rolatioftshtpt between 
Mtemil Mnoking nnd asthma, and matenyd smoking and 
Ibnciionany impairing asthma wm found betwten the two 


ptoffraphic areas. Log-lineir models were fitted, testing for 
ihii three-way imeraction. and no significani differences 


emerged. Thus, data from the two sites were c 
variant of the Mamcl-Haensxel procedure. 



lied, usj^g a 


Other EspUnatory Variables 


The rtlationshtp of paternal smoking to childhood asth¬ 
ma was also explored in both samples, but the results were 
tnconstsiem. In Genesee County. Michigan, signiftcam rela- 
tionshipi were found between paternal smoking and the 
prevalence of childhood asihma but not of functionally 
impairing asthma. In Berkshire County, no significam rela¬ 
tionships between paiernal smoking and the risk of asihma 
or functionally impairing asthma were observed. 

Fartnti who smoke could conceivably be over-sensi- 
tked 10 the effects of their smoking, and thus could overre- 
port conditions in their children. This possible bias in 
symptom reporting was explored by looking at the rtlation- 
ship between maternal and paternal smoking and other 
chronic co^iijgn*|Jpf^ 7 ^^i»ch^respifat^ might 

appear. |Np%tgmflclMt felattonships ffflMl 

M uiii variate ' logi $i ic^regre t slonsi} estimat cd 

which predicted asthma and functionally impairing asthma 
among children from mothers' smoking habits, as well at 
from the smoking habits of fathers* whether the child had 
hayfever or any other allergies, and socioeconomic and 
demographic characteristics of the family and child. The 
cueflicieni estimates from these equations estimated from 


IThne condiitofis included hayfever and any oiKer allergies. 
llThese logisiic regressions estimate linear associations be¬ 
tween the predictor variablet and the logarithm of the odds for 
asthma. They were esitiruited using MM LA. a computer program 
which produces masimum ftkelihood estimates, wriuen by IS'. W. 
Hauck. Illinois Cancer Council: Chicago, tllinots. 
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TASLE 2 -*Co#fricltm Ettlmaltt from togittic Ho^rtstlonA ^odletlrtg Aothma ootf EuncUonolly 
Impairing Attfima In CMIdrtn 0-17, Ganatat County, ML 1077 
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the CeneKe County 4tu ore disployed in Toble 2 abo%*e. A 
variety of other variables are not included in this Table 
because they did not add an) et^planator) po^er to these 
equations. These include the number of persons in the 
household, race. enWronmental deficiencies observed near 
the home tavailable onl\ in the Genesee County sampleK 
number of rooms in the house, and mother*i y^erk status 







ieUtionships. controlling for the variables, arc only attenuat 
ed slightly from ^'unadjusted** estimated odds ratios derived 
from Table l.ttt For example, the odds-ratio relating asth¬ 
ma and maternal smoking changes from 1.57 to 1.49; the 
corresponding change for the functionally impairing asthma 
odds ratio is from 1.98 to 1.15; Similar equations uere 
estimated for the Berkshire County sample, resulting in 
similar estimates of the relationship between maternal smok¬ 
ing and asthma. The smaller sample size from this site, 
hov^ever. resulted in lower levels of statistical significance. 
These anal) ses also confirmed the fact that paternal smoking 
did not in general predict chronic respiratory problems once 

maternal smoking was controlled. ^ _ ^ . 

ctfuiBBiSSchius was tncluddd as . isem jim ifin 

However, ao association with 
nif^iofiatly impairing tmmehitis was observed, and no 
significant association between bronchitis and paternal 
smoking was found. These relationships suggest another 


Cxtlfi the pre^nt stiuaiioA. the uddi mio ctMly approjiimaiet 
the cstimaifg rtUiivc lisk. 


effect of maiernai smoking, similar to the known effects of 
individual smoking upon the production of bronchitis in the 
smoker.** This relationship may also refiect the fact that 
some children with asthma are misdiagnosed as havinp 
chronic bronchitis.^ The converse, however, could also be 
true. We reestimated the equations dcKribed in Table 2 
includini an additiot^^^^^ 

One othervariabie which could have important implica¬ 
tions is the presence of asthma in parents, but we believe 
that this variable could have an attenuating effect upon the 
present relationships. We assume that parents with a history 
of asthma have a smaller probability U taking up smoking. 
Thus, there could be a selection of "non-asthmatic** parents 
into the group of smokers, and subsequently a selection of 
"non-asthmatic** children to smoking parents, i situation 
that would result in an attenuated relationship between 
parental smoking and childhood asthma. 

Estimates of Aftrlbuuble Risk 

The significance of these estimated relationships for 
both medical practice and public health are strongly condi- 
>An e d byjhe proportion of mothers that smoke i^eouii^ 
BSi SS dMq|fert hird..of,^ m toh of these ^fompljnra 
■^iWBfflRtiBated^attn^u^^ 

SSSSm smoki^ aro substM relitii^ 

|mk!ln Tabled-ih^atr'^ ^ • per ce^ 

tespec^e^"^ asthmaln^ch^reia'^llie^^ 


*Atthbuiable rivk can be defined as the '‘mastmum proponton 
of a disease that can be attributed to a chanctensiic or etiological 
factor."*’ 
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have alread) indicated above that the euimaied 
rtbiive rides associated with maternal smoking arc some* 
vehat attenuated as control variables are introduced into the 
logistic refresskmt: if these esitinates art used in the calcu* 
btions. di|htl> smaller attributable risks result le.g*. P per 
cent and >|>er cent rather than tf per cent and^ti per centk 

Because of the small numbers of conditions reported, 
the 95 per cent confidence intervals'” around these euimates 
are necessarily brge: for example, the ronfidence interval 
around the estimated percentage of asthma in Genesee 
County. Michigan, aitribuuble to maternal smoking ranges 
from 5 per cent to 29 per cent. In spite of this imprecision, 
the stmilariiy of the estimated attributable risks in the two 
different populations tends to validate the estimates. Other 
sniidations are still needed, however, ideally ttsmg more 
refine measures of both the presence of asthma, the level of 
functional impairment mvofved. and the actual air pollution 
which may* be attributed to maternal and paternal smoking. 

Smoking and DisibiUty Days 

Because other studies have reported relationships be* 
tween acute illness and paremal smoking^'”and substantial 
relationships are reported here between asthma and mater* 
nal smoking, an obvious question to be addressed is the 
extern to which the relaiionvhips between acute tUness and 
maternal smoking may be due in pan or in whole to the 
rebtionships estimated here between chronic illnesses such 
as asthma and bronchitis and maternal smoking. Maternal 
smoking and the presence of asthma and bronchitis in the 
Genesee County sample were ail associated with th^kelk 
hood of a disability day thjhe two 
^resenofbf i^ma and hi^hitirwas cm 





^ from 1.46 to i.3rwijen;i^se7f<mtfois^^ 
pdi«^?’Thus r^'^appcm‘*'iliai* th^ 
above*^ between maternal smoking and the prevalence of 
chronic respiratory conditions do itot account for all of the 
often reported relationships between parental smoking and 
acute respiratoo illnesses in children. 






Discysslon 

it h useful to coftceptuafiy distinguish three possible 
robs by whicli an exogenous factor like tobacco smoke 
might ^y a role in the pathogenesis of asthma. Such a 
fiictor 

.. uiifhi be mgonsibic for the ioctptioo of astti* 
nw by induct^ a tute of hyperrcaciiviiy in the bronchi. 
Second, ii migM mainuifn aiid reinforce h yp efre a c ti ^ity. 
Third, ii mighi provoke the cxpre%%ion of hypermetivity. 
•rving nse in clinically rccognUable Mtacki of nuhma.”* 

U*hAe the present data do not shed light on the precise role of 
maternal smoking in the development of childhood asthma. 


the analyses clearly indicate an mHuencf coniroUing for 
other known faeuNi such as hayfever and allergies.Al* 
though csttmatei of attributable risk should be mterprettd 
wttMlysc comments in mind.rihe 

tfinatcfnal smw j n gxan bu/oonstdetgd iin nb uMD e tiMB 

laii ■"nT71*1 ii f i ■ 

These dau can also^coni^red as another Illustration 
of the extern to which indoor air pollution is a significant 
determintm of individual health status. As current energy 
conservation measures th the United States reduce the fiow 
of air through households, the consequences of indoor 
pollution due to cigarette smoking could cenainly increase in 
magnitude. 

The findings from this study suggest that an opponunity 
exists for health cart providers to help prevent asthma in 
children, and to reduce the level of functional impairment of 
asthmatic children. One strategy would be to encourage 
smoking mothers of children with clinically diagnosed asth¬ 
ma to quit smoking. Some effective therapies have been 
devised to help smokers end their habiu^ and referrals to 
such programs could be arranged. 

A number of eurreni pediatric texts do not mention such 
an approach to treating the asthmatic child.*^ '” Evaluations 
of the possible efficacy of these interventions in reducing the 
prevalence of asthma and functionally impairing asthma 
could add significantly to current knowledge. 

A broader preventive straicgy could involve encourag* 

the reduction or elimination of maternal smoking among 
families with a history of allergies. Such families have a 
greater risk of producing aticrgic children. This approach 
parallels the commonly accepted practice of avoidance ther¬ 
apy with household pets for allergic families.'** There are 
also substantial benefits to be gained by the mothers them* 
selves if these mtervemions are successful. 
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APPENDIX A 


Chookllat of Chroole Condlllona and bnpelrffionca: 

(a) Asthma 
(bi May Fovtr 
|e) Arty eOior kind of aHorpy 
(d) Any iroublt with hiatior kidnoys 
ft) Anythmp wrong wdh hiaTmr hoan 

(fl Any difficulty hoaring 

(g) Any Offficuhy aootrvg fovon with giaiaof) 
fh) Tfoubie speaking (gtarnmoring. kapmg. hard ID undonttnd) 
(1) Missing lingera, handj arm. toes, foot or log 
(D Ahy pomvanom jtiffnoMor defomiity olfooi log. hngora. arm 
or back 

Ck) Condition prosom ainoa bifdi. ouch os dub Ibot or cMl palate 

(l) Faraiya« of any kmd 

(m) Mental mpnixmoetk or raiardabon 

in) Mjnm 

(p) Bronchitis 
(p) Epilepsy, oonvulmons 

fq} Cmobraf palsy 

(r) Dmootas 
(al Anything 9km 
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